This study aimed to evaluate the effect of three herbage allowances (5, 10, and 15 kg dry matter [DM] 100 -1 of body weight [BW]) for Brachiaria brizantha cv. Marandu pastures in a continuous grazing system on the morphological and nutritional characteristics of forage, animal performance, and economic viability in Nellore heifers. The total experimental area was 60 ha, divided into 12 paddocks of 5 ha each, with 4 paddocks per treatment. The experimental animals were Nellore heifers (260 in total), with average BW of 301.16 ± 9.12 kg, receiving 0.4 % BW in multiple supplements. We evaluated the production, structural characteristics, and nutritional value of the forage, productive performance, carcass characteristics, and economic viability of each allowance. There were significant effects for the production, structural characteristics, and nutritional value of the forage treatment. The proportions of leaves were 42.40, 38.20, and 30.88 % and the leaf:stem ratios were 1.22, 1.03, and 0.83 for the 5, 10, and 15 kg DM 100 -1 BW herbage allowances, respectively. The average daily weight gain (mean 0.42, 0.75, and 0.63 kg daily -1 ) and stocking rate (3.35, 1.87, and 1.26 animal unit ha -1 ) had a significant effect for the 5, 10, and 15 kg DM 100 -1 BW forage allowance, respectively. The herbage allowances were evaluated as being economically viable with a profit margin of 10.37, 23.65, and 14.43 % for the 5, 10, and 15 kg DM 100 -1 BW allowances, respectively. The greatest pasture response was found in the 5 kg DM 100 -1 BW allowance and was related to better nutritional values and morphological characteristics of the pasture and greater stoking rate and weight gain per area. The herbage allowance of 10 kg DM 100 -1 BW be applied to obtain higher animal performance and better economic viability of heifers in B. brizantha cv. Marandu pastures in a continuous grazing method that are receiving protein-energy supplementation.
Introduction
In the central west region of Brazil, the continuous grazing system is still the most widely used method on farms for the production of cattle in pastures. Often, stocking adjustments are performed without defined criteria, especially for mass forage production. Given this, it is necessary to use forage production efficiently, offering enough fodder to produce satisfactory weight gains and increased productivity per area, whilst minimizing waste.
The best animal performance will be achieved when the forage production is used efficiently, taking into consideration herbage mass and stocking rate in order to control both the quality and quantity of forage (REIS et al., 2009) . Grassland structure variables can provide a better understanding of animal responses and provide guidance for the management of pastures (TRINDADE et al., 2012) .
Whereas it aims to achieve higher stocking rates per area in pasture production that will result in lower herbage allowance and consequently lower animal performance, while on the other hand, when seeking higher per animal weight gain it is necessary to provide a greater supply of fodder, thus enabling higher productivity and nutritional value of the forage. Some studies (BERNARDINO et al., 2011; PAULA et al., 2012; SCHIO et al., 2011) show a positive effect of herbage allowance on weight gain rates.
According to Schio et al. (2011) , the best forage quality, owing to its greater availability, favors animal selectivity, i.e., heifers with more herbage allowance consume higher amounts of leaves, which are the most nutritious part of the pasture.
Dead material accumulation is the result of several factors such as a decrease in the quantity and quality of light coming through the canopy. When the height of the canopy is reduced (i.e., lower forage supply) more light reaches the base of the plant, while in the highest canopies (i.e. higher forage supply), the opposite occurs because of lower light interception owing to the lengthening of the plants and greater amount of sheets covering the soil (NANTES et al., 2013) .
There is some information in the literature (CARLOTTO et al., 2011; PAULA et al., 2012; SCHIO et al,. 2011 ) on herbage allowance for animal production in Brachiaria pastures; however, there is limited information regarding the best forage supply in animal production in the Cerrado ecoregion, Brazil. It is necessary to use forage supplies on pastures that do not suppress animal performance while ensuring that the system is economically efficient.
Thus, the objective of the present study was to evaluate the effect of three herbage allowance (5, 10, and 15 kg total DM 100 -1 of body weight [BW]) in Brachiaria brizantha cv. Marandu pastures on the morphological and nutritional characteristics of forage, the production performance, and economic viability of the production of Nellore heifers in a continuous grazing system.
Materials and Methods
The experiment was conducted at Esperança Farm in the municipality of Aquidauana-MS located at 19°28′34.5" S and 55°16′29.5" W. Analyses were performed at the Laboratory of Biotechnology Applied Animal Nutrition at the Catholic University Don Bosco and at the Applied Nutrition Laboratory of the Federal University of Mato Grosso do Sul.
The pluviometric index of the experimental period is shown in Figure 1 . The animals were distributed in a randomized design. The experimental period ran for 240 days starting in October 2013 and ending in May 2014, water period. The treatments consisted of three herbage allowances of 5, 10, and 15 kg of dry matter (DM, leaves and stem) forage per 100 kg body weight (BW). Initially, 300 Nellore heifers were selected, with initial body weights averaging 301.16 ± 9.12 kg. From these, 260 heifers were used in the grazing experiment to contemplate and evaluate the herbage treatments. The heifers were distributed between 12 paddocks (experimental units), with 5 ha on average for each paddock (totaling 60 ha) consisting of Brachiaria (Syn. Urochloa) brizantha cv. Marandu in a continuous grazing system with variable forage treatments. For each experimental unit, five animals were considered in the evaluations from the beginning to the end of the experiment. When not in use in the experimental units, regulator animals remained in a 10 ha picket reserve, and were used in the experimental units whenever there was need for stocking rate adjustment to maintain herbage allowances.
Initially, the pasture areas showed production dry mass forage averages of 3 115 kg ha -1 , which were made adjustments of allowance and distributed the animals in their treatments. The pasture had the following chemical composition: 302 g kg -1 DM, 98 g kg -1 crude protein (CP) in DM and in vitro DM digestibility (IVDMD) of 560 g kg -1 in DM.
Chemical analysis of the soil showed values of pH 6.0 (CaCl 2 ), 60.8% of base saturation; 41.5 g dm -3 organic matter (OM), 12.8 mg phosphorus dm -1 (P-Mehlich), and 48.7 mg of potassium dm -1 . In September 2013, 200 kg of NPK (00-20-20) and 100 kg N (as urea) ha -1 were distributed over two periods: October 2013 and February 2014.
Forage samples were harvested every 28 days to adjust stocking rates to maintain the treatment being studied, and were adjusted monthly according to forage availability. Forage collection used the square technique for determining the picket forage availability for the herbage allowance adjustments. A total of 10 samples were harvested to 5.0 cm from ground level using a metal square of 1.0 m 2 initiated by a randomly placed picket.
Data collected included green mass forage (GM) ha -1 , production of DM ha -1 , chemical composition, percentage of sheet, percentage of culm, percentage of dead material (senescent), and leaf:stem ratio. The proportion of each morphological component was expressed as a percentage (%) of total weight. Each sample was divided into two parts; one was used for estimating the total forage mass (kg DM ha -1 ) and the other was used to form composite samples from manually separated sheet (leaf lamina from ligule), stem (culm and sheath), dead material (senescent), and the dried samples were placed in a forced ventilation greenhouse at 55 °C for 72 h, weighed, and then ground for laboratory testing.
The height of the sward was measured using a 1-m ruler, graduated in cm, every 28 days, with 30 random points measured per paddock. The canopy height at each point was the mean height of the upper curvature of the sheets around the ruler.
The DM, OM, and crude protein (CP) were determined according to the Association of Official Analytical Chemists (AOAC, 2000) , while the values of neutral detergent fiber (NDF) and acid detergent fiber (ADF) were determined from Van Soest et al. (1985) . In vitro digestibility of DM and NDF (IVNDFD) of B. brizantha cv. Marandu pastures was determined using a DAISY incubator, following the method of Holden (1999) .
The amount of DM (kg DM 100 -1 BW) forage for each treatment was calculated by summing the DM mass present in the paddock and plant growth divided by the total BW of the animals kept in the paddock over a 28-day period. The load adjustment was based on the estimation of DM forage added to the forage accumulation rate from the previous period, which was designed for the following period.
The average daily gain (ADG) of heifers was estimated as the difference between the initial and final BW divided by the number of days between each weighing (28 days). The hot carcass weight (HCW, kg carcass) was obtained after slaughter and the removal of the head, hide, intestinal tract, and internal organs.
The carcass yield (CY) as a percentage was obtained as the ratio between the final BW and hot carcass weight. The weight in arroba (@) was determined by dividing the HCW by 15.
The stocking rate in animal unit (AU) ha -1 was determined by the ratio of mean BW of heifers per hectare and one animal unit (= 450 kg BW). The grazing method used 28 days of grazing time. In calculating of stocking rate were considered for purposes of calculating evaluator animals and also weight animals regulatory in period that they remained on the picket line to herbage allowance.
Multiple supplements were provided once daily at 0.4% BW and adjusted at every weighing. The supplement was composed of 880 g kg -1 DM, 200 g kg -1 crude protein in DM, 20 g kg -1 of Ca in DM, 8 g kg -1 P in DM, and 550 g kg -1 TDN in DM. The animals received water ad libitum.
The composition of the economic/financial results examined the revenues related to animal sale values considering average stocking during the experimental period. The composition of the total cost included: purchase of animals (purchase value per animal), land lease (15% of the value paid in the period per animal), cost of supplementation (average intake per animal), supplies for fertilization of pastures (R$ per hectare), manpower (wages, vacation, 13th salary, and related charges of an employee for the entire trial period), and vermifuge (one dose per animal).
For economic/financial analysis of the investment, the present value (PV) and profitability margin (PM) were used. When calculating the PV, up to three discount rates on annual net flow of each herbage allowance were applied. The rates were 6, 10, and 12% per year (a.a.).The lower rate is associated with the remuneration obtained from the financial market for conservative investments, while for the higher rate (12% a.a.), an award was added for business risk. To calculate the PV (ROSS et al., 2008) the following formula was used:
where ncf = net cash flow, i = minimum attractiveness rate (opportunity cost), and n = number of periods of cash flow.
The profitability margin (ROSS et al., 2008) corresponds to the return regarding the revenue, i.e., it measures the relationship between net cash flow and revenue and is obtained by the formula: The variables of forage characteristics, nutritional value, production performance, and carcass characteristics were evaluated by analysis of variance (ANOVA) and the means compared using Tukey's test at 5% probability.
Results and Discussion
There was a significant effect on the nutritive value of B. brizantha cv. Marandu, in the water period, as a function of herbage allowance (Table  1) . Treatment with 15 kg DM 100 -1 BW herbage allowance showed lower levels of CP, IVDMD, and IVNDFD than the 5 and 10 kg DM 100 -1 BW herbage allowances. When the allowance was increased to 15 kg DM 100 -1 BW the NDF content also increased, which negatively interferes with IVDMD. The 5 and 10 kg DM 100 -1 BW allowances had higher values of IVDMD, which can be explained by the higher CP content and lower NDF content in the leaves, and increased leaf:stem ratio in the lower forage allowances. Treatment with 15 kg DM 100 -1 BW herbage allowance provided conditions for the B. brizantha cv. Marandu to accumulate more constituents in the cell wall during the water period, as the increase in herbage allowance was due to the increase in forage mass. Ribeiro et al. (2014) found no significant differences in the chemical composition (CP, NDF, and ADF) or the DM digestibility, but the increase in allowance in their study was through area increase and not through herbage mass increase.
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For the 15 kg DM 100 -1 BW herbage allowance, the pasture showed a lower proportion of leaves and lower nutritional value (Table 1) because of higher NDF levels in leaves and stems that may have negatively influenced the DM digestibility. The cause of this is that when the herbage allowance is increased the NDF and ADF contents increased in the leaf and stem components. Owing to lower stocking and ease of selection by animals, stem elongation may have been favored, because the proportion of the stem, and consequently the cell wall constituents, was increased, requiring more nutrients to sustain the plants.
According to Norton (1982) , with advancing physiological age of the plants occurs replacement of cell content per cell wall, as well as transformation of the wall due to the emergence of a secondary wall, with greater participation of cellulose and lignin, and the beginning of the senescence process. Euclides et al. (2007) reported that, as the plant matures, the concentration of the potentially digestible components tends to decrease.
It was observed that when defining grazing management based on the herbage allowance, the structural characteristics of the pasture are influenced. When reducing the forage allowance, the proportion of leaves increases. The proportion of stems in the 10 and 15 kg DM 100 -1 BW forage treatments were higher than in the 5 kg DM 100 -1 BW forage treatment (Table 2) . Similarly, Batistel et al. (2012) found a reduction in the proportion of leaves and an increase in the proportion of stems when they increased the forage allowance in their study from 10 to 15 kg DM 100 -1 BW. An important variable is the dead material proportion; through increasing the herbage allowance, the dead material proportion is also increased. This can be related to the higher selection by animals to newer tissue, which agrees with Euclides et al. (2009) who showed that when the herbage allowance is high, the dead material and stems may limit the ease of selection and forage apprehension by the animal, consequently decreasing the intake. The animal selects its grazing intake, preferably the leaves because of the ease of acquisition, ensuring lower energy expenditure for harvest in relation to the stem (CARLOTO et al., 2011) .
The treatment with 5 kg DM 100 -1 BW herbage allowance showed the highest leaf:stem ratio. With the smallest stocking rate proportional to the increased allowance of fodder, there was greater elongation of the stem and the leaf proportion gradually reduced. This may contain a greater contribution of assimilates in the reproductive than in the vegetative structures, thus reducing the leaf:stem ratio and resulting in an increased mass production of fodder. According to Bauer et al. (2011) , a high leaf:stem ratio represents forage with higher CP content and greater digestibility, increased forage acquisition facility, and consequently higher intake. The lowest herbage allowances (5 and 10 kg DM 100 -1 BW) showed higher nutritional values and digestibility. This may promote better animal performance by providing better diet quality (Table  3) . Euclides et al. (2009) found positive correlations between the ADG and the leaf:stem ratio during the water period.
The height of pastures was influenced by the herbage allowance (Table 2) , where pastures with greater herbage allowances showed the highest heights and consequently larger forage masses. Trindade et al. (2012) reported an increase in forage mass and canopy height with increasing allowance of 4 for 16 kg DM 100 -1 BW. Correlating the height of the pasture, forage production, proportion of leaves, and weight gain, the 10 kg DM 100 -1 BW herbage allowance averaged 32.4 cm, which is above the value recommended by Paula et al. (2012) for B. brizantha cv. Marandu pastures. In continuous stocking, the recommended height is between 15 and 30 cm during the water period. The 5 kg DM 100 -1 BW herbage allowance showed lower canopy height; however, this stocking rate showed a higher proportion of leaves and better nutritional value, although lower weight gain per animal was found. Carlotto et al. (2011) evaluated the nutritional value and animal production in B. brizantha cv. Xaraés pastures managed at different heights, under a continuous grazing system during the water period, and observed that forage production decreased with increasing grazing intensity showed the highest nutritional value. The authors found a decreasing trend in ADG in animals as the height of the pastures were increased, which is similar to that observed in the lower and higher herbage allowance in the present study.
The treatment of 15 kg DM 100 -1 BW showed higher herbage canopy height and higher proportion of stems (Table 2) , which probably favored sub grazing and resulted in losses in forage quality showing higher NDF content and digestibility of leaves. This may have resulted from increased competition for light by plants. Santos et al. (2011) found that pastures with greater heights feature higher elongation stem rates, which may occur owing to higher competition for light among tillers.
The 10 kg DM 100 -1 BW allowance had higher individual performance, both for ADG and HCW (Table 3) , as it is related to increased availability of forage, nutritive value, pasture height (Tables 1 and  2) , and leaf:stem ratio. However, the 5 kg DM 100 -1 BW forage treatment showed higher weight gain per area (kg ha -1 day -1 ), yet the forage mass availability was lower, which may have impaired the individual weight gain that was seen (Table 3) .
Owing to the greater number of heifers per area in the 5 kg DM 100 -1 BW treatment, the grazing pressure was greater, resulting in animals decreasing their diet selection based on the amount of available forage, which reduces individual weight gain (Table  3) . Results from this study demonstrate that when the herbage allowance is increased, the individual weight gain is also increased ( Table 3) . Rezende et al. (2015) report that the B. brizantha cv. Marandu pasture has high positive correlation between DM availability and DM green leaves with ADG and weight gain per area per day in summer. The authors also emphasize that weight gain per animal and per area is influenced by stocking rate, reaching maximum values when the availability of green leaves is greatest.
When the herbage allowance is decreased the stocking rate per area is increased (Table 3 ) and the individual weight gain decreases, however, more weight gain per area occurs, as seen in the 5 kg DM 100 -1 BW treatment in this study. Treatment with 15 kg DM 100 -1 BW obtained lower ADG than treatment with 10 kg DM 100 -1 BW forage allowance, which is related to the pasture structure (Table 2 ) and nutritional value (Table 1) , which favored the 10 kg DM 100 -1 BW herbage allowance treatment and obtained better animal performance.
According to Machado et al. (2008) , herbage allowances between 8 and 12 kg DM 100 -1 BW allow animals to intake and higher quality leaves. Barbosa et al. (2006) reported that the most consistent forage allowance for the highest association between ADG, gain per hectare, and dynamics of tillering was between 7 and 11 kg DM 100 -1 BW. Euclides et al. (2009) evaluated the performance of steers and their relationship with the characteristics of B. brizantha cv. Marandu pastures and found a gain of 0.74 kg day -1 during the water period and at a stocking rate of 2.7 AU ha -1 , and the forage averaged 99 g kg -1 CP in DM and leaf:stem ratio of 1.9. Values of ADG were similar to those observed in the 10 kg DM herbage allowance from this study (Table 3) , although the stocking rate was 1.87 AU ha -1 and the leaf:stem ratio was 1.03. Treatment with 5 kg DM 100 -1 BW herbage allowance provided to the production system a higher stocking rate and greater weight gain per hectare, however, individual ADG and mass production of forage were lower (Table 3 ). If the purpose of the agricultural property is for greater production per hectare, then with higher stocking rates it is necessary to increase forage production for pastures so that the degradation process is avoided. According to Barbosa et al. (2013) , high stocking rate coupled with inadequate management can lead to grassland degradation, generating the need for fertilization in the short term or the introduction of measures for pasture recovery.
Regardless of the herbage allowance, all treatments showed economic viability (Table 4) ; however, the 10 kg DM 100 -1 BW forage treatment showed a higher margin of profitability. This was based on the 10 kg DM 100 -1 BW forage treatment having the highest animal performance coupled with the adjustment of stocking rate and response of grasses. In the present study, the area used for the production of animals was leased, which reduces the cost of improvements, facilities, and depreciation.
Among the total costs, the most onerous activity was the acquisition of animals, followed by obtaining the multiple supplements, lease of the land, fertilization of pastures, and worming of animals. The breakdown of the total cost is as follows: 54.74% spent on the purchase of animals, 20.05% on food supplements, 12.10% on the lease of land, 8.41% for pasture fertilization, 3.67% on labor, and 0.03% on vermifuge. From this breakdown of costs, it can be noted that the most costly parts are the purchase of the animals and the multiple supplements. Considering that the acquisition cost of animals is equivalent to 54.74% of the total cost, this highlights the importance of marketing, both during the acquisition and for future sales, which is linked to the proper management of pastures, as well as the adjustment of the herbage allowance.
According to the calculations of PV, the discount rates of 6, 10, and 12% a.a. were all positive, demonstrating that the production of heifers depending on the herbage allowance in the water period are economically viable livestock, as they were valued more than the potential interest earned on market investments. The PV measures the relationship between a currency today and a currency in the future, which is important in deciding in advance about an investment project. Ross et al. (2008) reported that this relationship is called value of money over time and becomes important in areas such as capital budgeting, lease versus purchase decisions, accounts receivable analyses, and financing schemes. Net margin is a measure that relates the success of the company with the sales profit ; Assaf Neto (2012) states that the net margin measures the efficiency of a company in producing profit through sales. If the aim is to obtain higher stocking rates per hectare, herbage allowance should be decreased, and more animals acquired to sustain the stocking level, thus the production cost will be increased. However, this results in higher grazing pressures that might be reflected in the pasture response as a smaller mass of forage production ( Table 2) and consequently animal performance. The production of heifers in B. brizantha cv. Marandu pastures, owing to the adjustment of forage allowance combined with good weight gains per animal and per area, allows the activity to be attractive and economically viable. The present study provides a cost parameter for cattle breeders, and may contribute to better planning activities and rational management proposals in the production system.
Conclusions
The herbage allowance of 5 kg DM 100 -1 BW provided greater nutritional value and morphological characteristics of pasture, leading to increased stocking rate and greater weight gain per hectare.
The herbage allowance of 10 kg DM 100 -1 BW be applied to obtain higher animal performance and better economic viability of heifers in B. brizantha cv. Marandu pastures in a continuous grazing system that are receiving protein-energy supplementation.
